As an approach toward identifying ligands for olfactory receptors, we have pursued an expression cloning ing strategy to identify a goldfish odorant receptor that is activated by amino acids-potent odorants for fish. strategy using the goldfish as a model system. The odorants that fish detect are water soluble and include amino Structure-activity analysis indicates that the receptor is preferentially tuned to recognize basic amino acids.
Introduction point for the molecular and biochemical characterization of fish odorant receptors. The detection and discrimination of the multitude of In this paper, we describe the expression cloning of environmental stimuli by the vertebrate olfactory system a cDNA encoding a goldfish odorant receptor preferenresults from the activation of olfactory neurons in the tially tuned to recognize basic amino acids. This cDNA nose (reviewed by Shepherd, 1994; . The encodes a G protein-coupled receptor that shares sigfirst step in olfactory processing resides at the level of nificant similarity to receptor families that include the the interaction of odorous ligands with odorant recepCaSR, mGluR, and V2R class of VNO receptors. Degentors. A large multigene family thought to encode odorant erate polymerase chain reaction (PCR) reveals other rereceptors was initially identified in the rat (Buck and lated sequences that are expressed in the goldfish olfacAxel, 1991). These receptors are predicted to exhibit a tory epithelium. Our results indicate that these olfactory seven transmembrane domain topology characteristic receptors comprise a family of odorant receptors. In of the superfamily of G protein-coupled receptors. The addition, the characteristics of the goldfish amino acid sizes of the receptor repertoires of different vertebrate odorant receptor provide insights into the mechanisms species are extremely large and are estimated to contain of information coding in the vertebrate olfactory system. between 100 and 1000 individual genes . These observations suggest that olfactory discrimination is accomplished by the integration of signals from Results a large number of specific receptors, each capable of binding only a small number of structurally related odor-
Expression Cloning of a Goldfish Odorant Receptor
Previous studies have demonstrated that odorant-evoked ants. Consistent with this model, it has been shown that a rat odorant receptor can be activated by 7 to 10 carbon excitatory signaling in mammalian olfactory neurons is mediated exclusively by the intracellular second mesn-aliphatic aldehydes (Zhao et al., 1997; see also Krautwurst et al., 1998) . senger, cAMP (Brunet et al., 1996) . However, in vitro biochemical studies have suggested that stimulation of phosphatidyl inositol (PI) turnover, resulting in the pro- ‡ To whom correspondence should be addressed (e-mail: jngai@ socrates.berkeley.edu).
duction of the second messengers diacylglycerol and Figure 1A ). Thus, a pool of ‫0001ف‬ cDNA clones responses to neutral aliphatic L-amino acids (e.g., methionine, isoleucine, threonine, serine, alanine) and little containing a single receptor cDNA could still give rise to a detectable signal when assayed in this system. or no response to acidic and aromatic L-amino acids (e.g., glutamate, aspartate, tyrosine, phenylalanine, tryptophan, RNA was synthesized from pools of goldfish olfactory cDNA clones and injected into Xenopus oocytes tohistidine); the receptor is not activated by D-arginine (all amino acids referred to hereafter are L-isomers unless gether with synthetic RNAs encoding GIRK and G␣ olf . Oocytes were then screened for responses upon expostated otherwise). Representative traces are shown in Figure 1D . sure to odorant cocktails containing amino acids, bile 
